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(54) Electricity consumption metering with transfomier phase angle emor compensation 

(57) A method or means of metering electricity consumption comprises taking power measurements and 
compensating said measurements for a phase angle error introduced by transformer means 6 Involved in the 
measuring process. The transformer means 6 may be a current and/or voltage transformer with a 
predetermined phase angle error characteristic. The meter may use current and voltage measurements i. v to 
determine real and reactive power values PR(meas), PX(meas) which may be compensated, using 
compensating means 20 to 28, to provide tnie real and reactive power values PR, PX. When more than one 
transformer is involved: respective, average or the difference between phase angle errors may be employed. 
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ELECTRICITY POWER METERING 



This, invention relates to electricity power consumption metering and in particular to 
5 metering which uses a current and/or voltage transformer. More particularly, the 

invention is concerned with an apparatus for and a method of compensating for phase 
angle errors associated with the current and/or voltage transformer. 

As is known, domestic electricity consumption registering meters include current and 
voltage sensing elements which are connected directly to the electricity supply lines 
such that the load current passes through the cuirent sensing element and the supply 
voltage is connected across the voltage sensing element The meter determines the 
power consumed from the product of the voltage and current and integrates this value 
over a period of time to obtain a measure of the energy consumed. Such meters are 
found to work effectively for currents up to a 100 amps and for supply voltages of 240 
volts rms. 

For applications in which the maximum current exceeds 100 amps, for example in 
commercial premises such as Offices or Supermaikets, it is known to measure the current 
20 indirectly using a current transformer. The current transformer which is separate from 

the electricity meter is connected such that its primary winding is connected in the live 
supply line and the secondary winding of the transformer is connected to the current 
sensing element of the meter. Such an arrangement enables measurements of high 
currents without the need for the current sensing element of the meter to be capable of 
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withstanding high currents. 

Furthermore for applications in which the supply voltage exceeds 240 volts, such as 
industrial applications in which the supply voltage is typically 1 1,000^ volts, a voltage 
5 transformer may be used in addition to a current transformer. The voltage transformer 

which is again separate from the electricity meter has its primary winding connected 
between the supply lines and its secondary winding connected to the voltage sensing 
element of the meter. 

10 Whilst current and/or voltage transformers provide a reasonably accurate determination 

of energy consumption they do have two sources of error which can lead to inaccuracies 
in the measurement of power by the meter. The first is the transformer turns ratio error. 
This occurs when the actual ratio of the number of turns in the primary winding to the 
secondary winding differs from the rated transformer turns ratio. This error depends 

15 upon the physical geometry of the particular transformer and as such the actual 

transformer turns ratio can be measured prior to installation of the transformer. As a 
result it is possible to correct for transformer turns ratio emjrs by multiplying the 
measured value of current and/or voltage by a compensation factor which is programmed 
into the electricity meter during installation. 

20 

A second source of error is phase angle error, sometimes referred to as phase angle 
displacement, which results in the waveform at the secondary winding not being exactly 
in phase with the waveform at the primary winding. A particular problem in 
compensating for phase angle displacement is that this error depends upon the magnitude 
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of the parameter (current or voltage) being measured and the system phase angle. As a 
result any error in the measured power is dependent upon the instantaneous power and 
hence the power factor of the system and unlike transformer ratio errors phase angle 
errors, cannot readily be compensated for, and therefore no effort has been made to 
compensate for such errors. 

The present invention addresses the technical problem of correcting for phase angle 
errors of current and/or voltage transformers in electrical power measurement 

According to the present invention an electricity consumption meter for use with a 
current and/or voltage transformer having a known phase angle error characteristic, said 
electricity meter comprises: 

real power measuring means for determining the measured real power; 

reactive power measuring means for determining the measured reactive power; 

and 

compensation means which are operative to determine the true real power in 
dependence on the measured reactive power, the phase angle error characteristic and the 
measured real power 

By using the present invention it is possible to obtain a value for the true real power from 
measured values of the real and reactive power and the phase angle error characteristic. 
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Preferably the compensation means determines the true real power by multiplying the 
measured reactive power by the phase angle characteristic and adding the product to the 
measured real power. 

Conveniently the phase angle error characteristic for the transformer can be measured 
prior to installation of the transformer and comprises a value which is representative of 
the average phase angle error. Alternatively the compensation means includes a 
memory containing values of phase angle errors for given currents or voltages. 

In a preferred embodiment the compensation means is further operative to calculate the 
true reactive power in dependence on the measured real power, the phase angle error 
characteristic and the measured reactive power. Such an arrangement enables the true 
reactive power to also be determined from the measured real and measured reactive 
p>ower. Preferably the compensation means determines the true reactive power by 
multiplying the measured real power by the phase angle error characteristic and 
subtracting the product from the measured reactive power. 

When both a current and voltage transformer are used which have respective phase angle 
error characteristics the phase angle error characteristic above is dependent upon the 
respective phase angle em^r characteristics. In a preferred arrangement the phase angle 
error characteristic comprises the difference between the respective phase angle error 
characteristics. 
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According to a second aspect of the invention a method for compensating for errors in 
an electricity power measuring system of a type which use a current and/or voltage 
transformer which has a known phase angle error characteristic said method comprises: 

5 measuring the real power; 

measuring the reactive power; 

determining the true real power in dependence the measured reactive power, the 
phase angle error characteristic; and the measured real power. 

10 Conveniently the true real power is determined by: 

multiplying the measured reactive power by the phase angle error characteristic; 

and 

adding the product to the measured real power. 

In a preferred embodiment the noethod further comprises determining the true reactive 
power in dependence on the measured real power, the phase angle error characteristic 
and the measmed reactive power. Conveniently the true reactive power is determined 
by multiplying the measured real power by the phase angle error characteristic and 
subtracting the product from the measured reactive power. 

When both a current and voltage transformer are used which have respective phase angle 
error characteristics the phase angle error characteristic used in the method of the 
invention is dependent on the respective phase angle error characteristics. 
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The present invention finds particular application with the privatisation of the electricity 
supply in the UK which requires more accurate nietering. As a result of privatisation 
consumers have the right to purchase electricity from any supplier and charging will be 
based on consumption during half-hourly intervals. For settlemetit purposes bet^yeen the 
5 Regional electricity companies, electricity generating companies and/or consumers it will 

be necessary to meter electricity consumption in half-hourly intervals. Any errors in the 
measured power as a consequence of transformer phase angle error could be financially 
significant and as a result more accurate metering is required: For example in the UK 
under the pooling and settlement agreement code of practice five the overall accuracy 
10 of electricity measurement has been stipulated as ±\Vi% at unity power factor, and 

±2Vi% at half power factor for measurements of the real power . These figures take 
account of not only any errors due to the cuirent and/or voltage transfomier but also any 
errors in the meter itself. The present invention provides both an apparatus and method 
that meets this requirement. 

15 

One embodiment of the invention will now be described by way of reference to the 
accompan3rijng drawings in which: 

Figures 1(a) and (b) are schematic diagrams illustrating the parameters associated with 
20 measuring electrical power using a current and/or voltage transformer; and 

Figure 2 is an electricity consumption meter incorporating apparatus in accordance with 
the present invention. 
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Referring to Figure 1 an electricity supply comprises live and neutral supply lines 1, 

2 respectively. An electricity consumption meter 3 is provided to measure the electrical 
energy supplied to a consumer's load 4. The primary winding 5 of a current transformer 
6 is connected in series with the live supply line 1, and the secondary winding 7 of the 
transformer 6 is connected to the current sensing element 8 of the meter 3. The meter 

3 also includes a voltage sensing element 9 for measuring the voltage Vp between the live 
and neutral supply lines 1, 2. The true apparent power is the product of the current i p 
and the voltage Vp . Depending upon the type of load 4, that is whether it is resistive or 
reactive, the voltage Vpand current ip may not be in phase and will have a phase angle 
(t> between them. 

As will be appreciated from the Figure lb the true apparent power P has a real 
component Pr and a reactive component Px. The real, sometimes termed active, power 
Pr represents the energy consumed as a result of resistive loading whilst the reactive 
power Pjj results from reactive loading. Whilst the reactive loading P, does not provide 
any useful power in the load 4 it does however cause current flow in the distribution 
cables 1, 2 which results in heat loss and as a result its value is usually measured. From 
Figure lb it will be appreciated that the: 

true real power Pr = Vp ipcos 4) and the ( 1 ) 

true reactive power P^, = Vp ip sin 4> (2) 
where cos ^ = the system power factor (PF) 



For an ideal current transformer 6, that is one having no phase angle errors, such that the 



8 

current flowing in the secondary winding is in phase with the current ipand which has 
a turns ratio of 1 :n (secondary : primary) the current flowing in the secondary i. winding, 
which is the current measured by the current sensor 8 of the meter 3 is given by: 



5 and hence true real power = Vp i^n cos <J) (4) 

true reactive power Px = Vp ijti sin 4) (5) 

However a real transformer will have a phase angle error 6 ^ which is deflned as being 
positive when the signal appearing at the secondary winding leads the signal at the 
10 primary winding. As a result the current and hence power measured by the meter will 

be subject to error such that the: 



measured real power = v^i^n cos (4) + 6i) (6) 

= Vpij n cos 4), cos 6j - Vpi^ sin 4> sin (7) 

IS that is the: 

measured real power = (true real power) cos Oj - (true reactive power) sin 8; (8) 



According to International Electromechanical Commission (EC) 185, a class 0.5 current 
transformer is required to have a phase angle error of less than 1^2° (9G minutes) and 
20 hence: 

1 ^ cos 0; > 0.9996 so that cos 6^ can be approximated to be unity. As a result the 
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measured real power = true real power - (true reactive power) sin 6 j 



(9) 



For small values of 0^, sin Gj = angle 0^ in radian, and rearranging (9) the 

true real power = measured real power + (true reactive power) 0 ^ (10) 
for ©i in radians. 

The true reactive power is an unknown quantity which is also subject to error. However 
when the measured reactive power is large, and thus making a significant contribution 
to the true real power, it is also within a few percent of its true value. When the 
measured reactive power is small it is subject to a large error, however it is multiplied 
by 6i which is a small value. As a consequence it is practicable to approximate the real 
reactive power as being equal to the measured reactive power and hence: 

True real power = measured real power + (measured reactive power) 0 ^ (11) 

It will be appreciated from the above that the true real power can be determined from ih& 
measured real and measured reactive powers provided the phase angle error 0^ is known. 
The value of 0j can be determined from measurements of the transformer prior to 
installation. Similarly it can be shown: 

true reactive power = measured reactive power - (measured real power) 0 j (12) 
Further it can be shown if a voltage transformer is also included whose phase angle 



error is then the: 



true real power - measured real power + (measured reactive power ) (6 r 9 v) (13) 
and 

5 true reactive power = measured reactive power - (measured reactive power) (Oj - 6 J (14) 

where 6} and 6y are specified in radians. 

It will be appreciated from the above that both the true real power and true reactive 
power can be determined from the measured real power, measured reactive power and 
10 the phase angle error. 

Referring to Figure 2 there is shown an electricity consumption meter 3 which 
incorporates apparatus 10 in accordance with the present invention. The electricity meter 
3 which is of a known design is operated with both a current and voltage transformer 
(not shown). The meter 3 comprises a current sensor 8 and voltage sensor 9 which are 
connected to the secondary windings of the current and voltage transformer. The 
outputs of the sensors 8 and 9 are converted to a stream of digital data values by means 
of respective analogue to digital converter (A-to-D) 12 and 14. The digital data values 
are multiplied and accumulated using respective accumulators 16, 18 to produce values 
for the measured real power P^^rnas) ^md measured reactive power 

The meter 3 also incorporates apparatus 10 in accordance with the preserit invention 
which con^nsates for the phase angle errors and 0^ associated with the current and 
voltage transformers. The apparatus 10 comprises a memory 20 which produces a value 
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for (6j . 6 J. The memory 20 may contain a single average value of (6^-6 J or a look-up 
table containing several values depending on the magnitude of the instantaneous current 
and/or voltage. The value or values of (6-0) are measured prior to installation of the 
transformers and written to the memory 20. 

The value of (G^ - 6^), which is measured in radians, is applied to a first input of two 
respective multiplier circuits 22 and 24. The first multiplier 22 multiplies the measured 
real power PR(meas)by (6| - 6v) whilst the second multiplier 24 multiplies the measured 
reactive power Pxdneas) (©i " ^v)- Th^ output from the second multiplier 24 is added 
to the measured real power PR(„Kas) using an adding circuit 26 to produce a value which 
is representative of the true real power Pr in accordance with equation (12). The output 
from the first multiplier 22 is combined with the measured reactive power Px(meas)by 
means of a subtracting circuit 28 to produce a value which is representative of the true 
reactive power Pxin accordance with equation (13). 

It is found that using the ^paratus 10 of the present invention with a known meter which 
is accurate to 1% of reading an overall accuracy of better than IWFo can be achieved. 
Such accuracy is a substantial advance on the prior art arrangement which can be subject 
to additional errors of 4% at half power factor for measurement of the real power 
depending on the magnitude of the phase angle error. 

It will be appreciated by those skilled in the art that modification can be made to the 
embodiment described which remain within the scope of the present invention. For 
example whilst in the embodiment illustrated the apparatus 10 comprises discrete digital 
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circuitry the invention could be implemented using software or analogue circuitry. 
Although the memory 20 contains one or more values, for (6 j - 6 ^) it is also envisaged 
to have an arrangement which calculates values of (6 — 6 ^ ) in dependence on the 
magnitude of current and/or voltage being measured. For example other values of (0 j - 
0v) can be determined by interpolating between the known values. Further it will be 
appreciated that the measurement of the real Pr(^,) and reactive power P x(nica$)Can be 
performed using other known methods such as for example a slipping sampling 
technique. Although in the embodiment described the true real and true reactive power 
were determined using discrete mathematical steps as defined in equations 10 to 13, it 
is also envisaged that these values could be determined using other mathematics and 
signal processing techniques such as for example a Fourier analysis. 
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1. An electricity consumption meter for use with a current and/or voltage 
transformer, the transformer having a known phase angle error characteristic said 
meter comprising: 

real power measuring means for determining the measured real power; 

reactive power measuring means for determining the measured reactive 
power; and 

compensation means which are operative to determine the true real power 
in dependence on the measured reactive power, the phase angle error 
characteristic and the measured real power. 

2. An electricity consumption meter, according to Claim 1, wherein the 
compensation means determines the true real power by multiplying the measured 
reactive power by the phase angle characteristic and adding the product to the 
measured real power. 

3. An electricity consumption meter, according to Claim 1 or Claim 2, wherein the 
compensation means is further operative to determine the true reactive power in 
dependence on the measured real power, the phase angle error characteristic and 
the measured reactive power. 
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An electricity consumption meter, according to Claim 3, wherein the 
compensation means determines the true reactive power by multiplying the 
measured real power by the phase angle error characteristic and subtracting the 
product from the measured reactive power. 

An electricity consumption meter, according to any preceding claim, wherein 
when both a current and voltage transformer are used which have respective 
phase angle error characteristics said phase angle error characteristic is dependent 
on the respective phase angle characteristics. 

An electricity consumption nieter, according to Claim 5, wherein the phase angle 
eiTor characteristic comprises the difference between the resi>ective phase angle 
error characteristics. 

An electricity consumption meter, according to any preceding claim, wherein the 
phase angle error characteristic comprises a value representative of the average 
phase angle error. 

An electricity consumption meter, according to any one of Qaims 1 to 6, wherein 
the compensation means includes a memory containing values for the phase 
angle errors for given currents and/or voltages. 

An electricity consumption meter, according to any preceding claim, in which the 
real power measuring means comprises a voltage sensor for measuring 
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instantaneous voltage, a current sensor for measuring instantaneous current and 
combining means for combining the outputs from the current and voltage sensors 
to determine the measured real power and measured reactive power. 

An electricity consumption meter substantially as described, or illustrated by 
way of reference to Figure 2 of the accompanying drawings. 

A method for conq>ensating for errors in an electricity power measuring system 
of a type which uses a current and/or voltage transformer which has a known 
phase angle error characteristic, the method comprising: 

measuring the real power; 

measuring the reactive power; 

determining the true real power in dependence on the measured reactive 
power, the phase angle error characteristic and the measured real power. 

A method, according to Claim 11. comprising determining the true real power 
by: 

multiplying the measured reactive power by the phase angle error 
characteristic; and 

adding the product to the measured real power. 
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13. A method, according to Claim 11 or Claim 12, and further comprising 
determining the true reactive power in dependence on the measured real power 
phase angle error characteristic and the measured reactive power 

14. A method, according to Claim 13, comprising determining the true reactive 
power by multiplying the measured real power by the phase angle error 
characteristic and subtracting the product from the measured reactive power. 

15. A method, according to any one of Claims 1 1 to 14, in which both a current and 
voltage transformer are used which have respective phase angle error 
characteristics and wherein said phase angle error characteristic is dependent 
upon the respective phase angle error characteristics. 

16. A method, according to Claim IS, wherein the phase angle error characteristic 
comprises the difference between the respective phase angle error characteristics. 

17. A method, according to any one of Claims 11 to 16, wherein the phase angle 
error characteristic comprises a value representative of the average phase angle 
error. 

18. A method for compensating for errors in an electricity power measuring system 
of a type which was a current and/or voltage transformer which has a known 
phase angle error characteristic, the method substantiaUy as described by any one 
of equation 1 1, 12, 13 or 14. 
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